Cu, Zn strips; sandpaper; 20d bright common nails; 3 M HCl; 0.5 M NaCl; DC power supply; various electrical leads; plastic pipets; digital multimeter; phenolphthalein in dropper bottles; 50 mL (2), 400 mL beakers; 25 mL graduated cylinder
O2 (g) + 2 H2O (l) + 4eˉ  4 OHˉ (aq)
(
If a metal sufficiently high on the activity series, such as iron, is electrically coupled to a region in contact with oxygen dissolved in water, the metal will undergo oxidation (i.e., it will corrode). For the case of iron, the oxidation reaction is Fe (s)  Fe 2+ (aq) + 2eˉ (2) Even if the anode and cathode regions of a cell are made from the same type of metal, atmospheric corrosion will occur if there is a nonuniformity in the dissolved oxygen concentration, such as occurs with the hull of a ship where the dissolved oxygen concentration is greater near the water surface. These concentration differences are enough to cause the different regions of the same piece of metal to act anodically or cathodically. Although atmospheric corrosion is certainly caused by chemical action, the term "chemical corrosion" is usually used to describe a different process, one that results in the liberation of hydrogen and the uniform destruction of the metal. The oxidation reaction is the same as equation (2), but the reduction reaction is 2H + (aq) + 2eˉ  H2 (g)
An example would be corrosion of iron by battery acid. For more information about naval applications of electrochemistry and corrosion, go to the website https://intranet.usna.edu/ChemDept/_files/documents/navapps/CURRENT/2018%20Documents/sc112-navapp-s18-ch19-corrosion-o2-production-FV.pdf
Corrosion Prevention. There are a number of methods used to stop or slow down the spontaneous corrosion of iron. Barrier methods, such as coating the metal with paint or grease, are the simplest means to protect the iron. These work by preventing the three necessary reactants of atmospheric corrosion  iron, water and oxygen  from coming together. The use of a less active metal coating such as tin is another barrier method. Among the most important electrical methods for corrosion prevention, widely used in the Navy (and elsewhere), are galvanic protection and impressed voltage. With "galvanic protection" the Fe is electrically coupled to a more active element, typically Zn. The Zn corrodes sacrificially, protecting the Fe. Zinc plates are attached to the hulls of ships, both large and small, to perform this function. With impressed voltage, an electrical power supply is connected to the iron, and continually feeds electrons to it. This maintains the iron in a reduced state. This method of protection is typically used when ships are tied up in port. i. at the site of the anode ii. at the site of the cathode iii. somewhere between anodic and cathodic regions iv. only when water is excluded.
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USE OF THE DIGITAL MULTIMETER
A multimeter can measure several important electrical properties, namely voltage, current and resistance. We will only be interested in the first two for this experiment. Because the instrument functions differently for these different measurements, it is important that it be set up properly to make them. Because it has multiple scales in each case, it is also important that you read it properly to get meaningful data. This sheet provides a brief description of proper use of the device.
Making Voltage Readings
When the multimeter is set to one of the voltage scales, it acts as a potentiometer. This measures the voltage difference between two points of a circuit by creating an equal (but opposite) electromotive force and applying it to the circuit until the current going through the meter is reduced to zero. Thus, when a multimeter is set to one of the voltage scales, there is no current flow in the meter, and the electrochemical process under investigation is actually stopped. What you read is based on the voltage that was applied to stop current flow. For this to work properly, the two leads of the meter must be placed ACROSS the circuit, touching the two points of interest (usually the electrodes). See the drawing at right. Also, note that the red wire is attached to the cathode when the voltmeter displays a positive value. Make your connections to get positive voltages; knowing which electrode is the cathode will help you analyze the chemical behavior of the system.
Making Current Readings
When a multimeter is set to one of the current (amps) scales, the electrochemical process is not stopped by any opposing forces, as in the case when electrical potential is being measured. Instead, the current produced by the process is passed through the meter where it measured. Thus for current readings, the meter must be IN the circuit. See the drawing at left.
Reading Values of Voltage or Current
Because there are different scales on the meter, and even different units within the voltage scales or current scales, it is essential that you note what position you set the dial to, and to always include the units with your readings. Shown below is an image of the meter face. The label at each setting (e.g. 200m) indicates the maximum reading on that scale.
Here are some general rules for reading the meters. Follow these to get consistent results.
